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SUMMARY 
I 

A low-speed iavestigation has been  conducted in  the Langley full- 
scale  tunnel t o  determine the  effects  of  several high-lift and s t a l l -  
control  devices on the  aerodynamic characterist ics of a semispan wing 
with @.lo sweepback of  the  leading edge. The  model  had an aspect  ratio 
of 3.78, a taper r a t i o  of  0.586,  and  incorporated NACA 65A006 a i r f o i l  
.sections streamwise. The devices  investigated were a  lead€%-edge 
extensible  flap, a slat, a plain  trailing-edge  flap, and a fence. 

over the  trailing-edge  flap and by  suction  through a  spanwise s l o t .  
Rolling characterist ics of a flap-type  aileron were obtained f o r  both 
the basic wing and the wing equipped with  stall-control  devices. A l l  
t e s t s  were conducted at a Reynolds number of 6.1 x 106, except f o r  the 
blowing t e s t s  which were made a t  a Reynolds number  of 4.4 x 106. 

e. 

i Limited t e s t s  were also conducted of boundary-layer control  by blowing 

A t  zerg  angle of attack,  the plain trailing-edge  flap produced an 
increment i n  lift coefficient of 0.36 a t  a flap  deflectlon of  60°, but 
it was re la t ive ly   inef fec t ive   in   increas ing   the   maxim lift. Because 
of the limited quantity of a i r  employed i n  this  preliminary  test ,  only 
small lift gains were realized as a resu l t  of  blowing a i r  over the 
deflected  trailing-edge  flap. 

The use of e i ther   the 0.5-wing-semispan  leading-edge f l ap   o r   s l a t ,  
with  the  trailing-edge  flap  neutral,  resulted  in a reduction of the 
severity of the  unstable  break from that obtained  with  the  basic wing. 
The s l a t  appears t o  be somewhat  more effective  than  the leading-edge 
f l ap   i n  improving the  effectiveness of  the  aileron in the  high  angle- 
of-attack  range. 

4 

In the  high lift range, the  best   l i f t - to-drag  ra t io  was obtain& 
with  the  trailing-edge  flap  deflected 45O and ei ther   the leading-edge - f lap  o r  s la t   ins ta l led .  

I 

I 

I 
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INTRODUCTION 

A s  par t  of a general  investigation by the  National Advisory 
Committee fo r  Aeronautics t o  study, at large  scale,  the  effectiveness of 
various  stall-control and high-lift  devices towards improving the low- 
speed characterist ics of  high-speed wing plan forrmq, t e s t s  were con- 
ducted i n   t h e  Langley full-scale  tunnel t o  determine the longitudinal 
aerodynamic characterist ics of a semispan 49.1° sweptback wing.  The 
wing incorporated MACA 65~006 sections streamwise and had an  aspect 
r a t i o  of 3.78 and a taper   ra t io  of  0.586. Presented in t h i s  paper are 
the  resul ts  of tests of  a leading-edge  extensible  flap, a s l a t ,  and a 
plain  trailing-edge  flap. In addition,  the  effect of  the  stall-control 
devices on the rollhg-moment characterist ics  of a flap-type  aileron 
are  a b o  presented. The results of  the  basic wing tests and of tests 
varying,  the slat span and deflection  angle  are  reported  in  reference 1. 

I n  addition  to  the  f lap  studies,  a prelimigary  investigation was 
conducted t o  determine the  effect  on the   s ta l l ing  and m a x i m u m - l i f t  
characteristic8  of  the wing of boundary-layer  suction through a span- 
wise slot   located on t he  upper surface of the  w i n g ,  and o f  blowing 8 

high-velocity Jet of a i r  over the  deflected  trailing-edge  flap. 

A l l  t e s t s  were conducted at a Reynolds number of  6.1 x lo6 and a 
Mach  number of 0.10, except for   the blowing tests which were made at a 
Reynolds number of 4.4 x 106 and a Mach  number of 0.07. 

COEFFIClENTS AND SYMBOLS - 

The data  are  referred  to  the wind axes with  the  origin  .at  the 
quarter-chord  point  of  the mean aerodynamic chord. The data- have  been 
reduced t o  standard NACA nondimensional coefficients which are  defined 
as follows : 

lift coefficient, Twice  model lift 

q3 

“ax maximum l i f t   coe f f i c i en t  

CD drag  coefficient, Twice model drag 
qs 

Cm pitching-moment coefficient about  quarter-chord  point. of mean 
aerodynamic chord, Twice  model pitching moment 

g= 

. 
I 
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Rolling moment 

cm 
i c2 rolling-noment  coefficient, 

i 

CP 
H - H d  pressure  Coefficient , 

CQ flow  coefficient, - Q 
vs 1 

R Reynolds m e r ,  

free-stream  total  pressure, lb/Pt2 

total  pressure  inside w i n g  duct, lb/ft2 

free-stream  dynamic  pressure, @ lb/ f t2  
2 ., 

twice  quantity  of air used in boundary-layer  control  tests, 
ft3 /s ec 

I 

H 

% 
9 

Q 

twice  area of s d s p a n  wing, f t 2  - .. s 

twice  model  wing  area  affected by boundary-layer control, fie S' 
1 I 

- 
C mean  aerodynamic  chord, 

s 

mass density  of  air, 51ugs/d 

free-stream  velocity,  ft/sec 

coefficient of viscosity,  slugs/ft-sec 

I 

I 

local  wing  chord  measured  parallel  to  plane  of  symmetry, ft 

.local wing chord  measured  perpendicular t o  0.50~' line, ft 
(see  fig. 1) 

C ! 

C' 

Cf local  flap  chord  measured  perpendicular to 0. W c  line, f t  
(see fig. 1) 

l o c a l  s lat  chord  measured  perpendicular  to 0. PC line, ft 
(see  fig. '1) 

I 

b - twice  span  of  semispan wing, ft 



t 

4- 1 

a angle  of  attack, deg 

6f trailing-edge-Plap  deflection  angle, deg 

6a aileron  deflection  angle, deg 

A C h  increment in maximum lift coefficient 

M3DEL 
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The semispan wing is shown  mounted on a reflection  plane  in  the 
Langley full-scale  tunnel  in  f igure 2. A description of the   ref lect ion 
plane is  presented  in  reference 2. The geometric characterist ics and 
principal-dimensions of the semispan wing are  given in   f igure 1. The 
wFng has 49.1' of  sweepback at   the   leading edge, an aspect  ratio of 3.78, 
a taper   ra t io  o f  0.586, and no geometric dihedral   or t w i s t .  The a i r f o i l  
sect ion  paral le l  t o  the air stream i s  an NACA 6 5 ~ 0 0 6  section. The  wing 
t i p  i s  half of a  body of revolut-ion  based on the  same airfoi l   sect ion 
ordinates . 

The high-lif t  and stall-control  devices  (figs.  1 and 3 )  employed 
were: 0 . 1 5 ~ '  leading-edge s l a t   i n s t a l l ed   a t   t he  outboard 50 percent of 
the  wing semispan; a 0 . 1 0 ~ '  leading-edge f lap  a lso tested  at the  out- 

board 0.5& location; a 0 . 2 5 ~  * .inboard  trailing-edge  flap  having a span 

of 0.46%; and a chordwise fence  having a height of. 0.036c, based on 

the midsemispan choid, and divided  into  four  separate  sections. The 

fence, which was  made o f  - inch plywood, w a s  mountedi pa ra l l e l  t o  the 

free-stream  direction. The nose and upper surface of the  slat  have the 
ordinates o f  the  wing a i r fo i l   bu t   t he  slat  is not an integral  part of 
the wing and i s  mounted d i r ec t ly  onto the  unmodified basic wing leading 
edge with the slat brackets  alined normal to  the  leading edge of the 
wing. Further  details of the  slat  arrangement may be  obtafned from 
reference 1. The leading-edge f lap  i s  made of  sheet  metal welded t o  a 
1.375-inch-diameter s t e e l  tube. 

2 

T; 

I 

In  addition  to  the  devices  previously  described,  the wing is 
equipped with two spanwise s lo t s   fo r  bow&-ry-layer  control. A span- 
wise s l o t ,   0 . 0 1 ~ '  wide, i s  loca ted   a t   0 .20~ '  on the upper surface  of I 

the wing ( f ig .  1) and i s  employed for boundary-layer  control by suction. 
The l i p  shape and entrance  angle  &e  illustrated  in  figure 3 and dupli- 
cate  those used in  the  investigation  reported  in  reference 3 .  1:nrmedi- I 

a te ly  ahead o f  the  trail ing-edge  f lap is  the  second slot which opens into .' 

h 

8 
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the  upper portion of the  gap between t h e   a i r f o i l  and the  f lap and i s  
used f o r  blowing a i r  over the  f lap.  The s l o t  gap  employed was a 

-inch opening along  the  entire  f lap span  and..repres  ents an 0.00425~ 2 
gap when based on the  average  streamwise  chord for khat  portion of the  
wing which contains  the blowing s l o t .  The s lo t s  are connected t o  a 
blower  by ducts  inside  the wing which extend  through  the  reflection 
plane at the  wing root. Flexible ducting was used  beneath  the  ref  lec- 
tion  plane t o  connect t he  wing ducts t o  the   s ta t ionary  blower ducts  in 
such  a manner as t o  minimize the  force  transmitted from the  blower ducts 
t o  the  balance system. All s lo t s  were sealed  with wooden blocks and 
smoothly fa i red  t o  the wing contour when not i n  use. 

For the  a i leron  tes ts ,  a flap-type  aileron, having a chord length 
of 0 . 2 5 ~ '  and divided  into two spanwise sections, was used. The inboard 

aileron began a t  0 .61k, which was m e d i a t e l y  outboard of the-  flap, and 

had a span of O.23%, while  the  outboard a i l e r n  had a span of O.U& b 
2 

and  extended t o  the wing t i p  ( f i g .  1). The chord p ro f i l e  of the  aileron 
w a s  the  same as that of the   f lap.  Both the  trailing-edge f lap and the 
aileron were hinged normal to t he   0 .50~   l i ne .  

2 

I 

I 

t 

I 

TESTS AND COFWECTIONS 

i 
Description of t e s t s  .- Data were obtained  through an angle-of- 

attack range from approximately -2O to 31'- Force measurements were 
made t o  determine the lift, pitching-moment, and drag character is t ics  
o f  the  basic wing alone and i n  various combinations w i t h  the   high-l i f t  
and stall-control  devices. The rolling-moment characterist ics of  t h e  
aileron were determined f o r  the  basic wing and for   the  wing with stall- 
control  devices. All t e s t s ,  except the  blowing t e s t s ,  were made a t  a 

Reynolds number o f  6.1 x lo6 and a Mach number of  0.10. For the blowing 
t e s t$   t he  Reynolds number  was 4.4 x lo6 and the Mach  number  was 0.07. 

Only a limited number o f  boundary-layer-control t e s t s  were conducted 
since a preliminary  analysis of the  data  indicated that, because of the 
low pressure  capabilities of t he  blower employed, epen the maximum 
obtainable CQ was  much too low. 

I 

Corrections. - The data have  been corrected f o r  air-stream  misaline- 
ment, blocking  effects, and jet-boundary  effects. The Jet-boundary 
corrections fo l low the method outlined in reference 4 f o r  semispan WFngs . 
The data obtained  during  the  boundary-layer-control  tests have been 
adjusted  for  the tare effects o f  the  ducting  installation and the  blowing 

I 
r 
I 
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t e s t   r e su l t s  were also  corrected  for  the  thrust  effect due to egecting 
the -a i r  from the  wing. The drag  data  obtained  during  the  suction  and 
blowing tests have not been corrected  for  the  drag  equivalent  of  the 
blower power requirements  since, for these  tests,  the  reqmrements are 
considered  unrealistic  because of the  high  duct  losses which resulted 
i n  much greater  values of' Cp than would be expected i n  an operational 
instal la t ion.  The rolling-moment correction  for  the  effects of the 
reflection  plane, as discussed  in  reference 2, was obtained f r o m  
unpublished resul ts  based' on the  methods -of  references 5 and 6 .  

RFSUECS AND DISCUSSION 

The resu l t s  of  this  investigation  are  presented  in  the  following 
manner. The effects of  deflecting  the  trail ing-edge  f laps  are shown 
in  f igure 4, and figure 5 presents  the  effect of blowing a i r  over t he  
deflected  flap, 6f = 60°. Figure 6 offers a comparison of the  charac- 
t e r i s t i c s  provided by t h e   s l a t  and leading-edge f lap  with  the  t ra i l ing-  
edge flap  neutral  and deflected 45'. The results  of  the boundary-layer . 
control  suction  tests are given in   f igure 7. Figures 8, 9, and 10 pre- 
sent  the  effects of various  fence  arrangements. FPgure 11 gives, as a 
f'unction  of lift coefficient,  the  lif ' t-drag  ratios of some of the  more 
signiTicant wing configurations. The effectiveness of the  flap-type 
aileron,  both  alone end i n  conjunction  with  stall-control  devices, is  
i l lustrated  in   f igures  12 and 13. 

L i f t  Characteristic's 

The data  for the basic wfng ( f ig .  4) show an inflection i n  the  
wing lift curve a t  a CL of about 0.5 dye to   t he   e f f ec t  of the  leadlng- 
edge separation  vortex. A maximum lift coefficient  of  about 1.00 i s  
obtained  for  the  basic wing. (For a detailed  discussion- of the  longi- 
tudinal  force and flow characterist ics of the  basic w i n g ,  see ref. 1. ) 

h 

h 

I 

Deflecting  the  plain  trailing-edge  flap,  without blowing,  produced 
an  increment in C h  rrhich increased from 0.05 fo r  a flap-deflection 

angle o f  30' t o  0.08 for  flap-deflection  angles  of 45O and 60°, f ig-  
ure 4( a ) .  The increments i n  lift coefficient at a = Oo effected by 
deflecting  the  trailing-edge  flap 30°, 45', and 60' were 0.26, 0.32, 
and 0.36, respectively. The wing l i f t  curves,  flap  deflected, are gener- 
a l ly   s imi l a r  to that  obtained  for  the  basic wing, though the  inf lect ion 
h e  to the'  separation  vortex  occurs a t  a higher l i f t   coe f f i c i en t ,  about 
0.6 for   the two largest   f lap  deflections,  and the  angle of attack 
fo r  C b G  i s  about 3O t o  4O lower. I 

- :  



Flow surveys, employing wool-strand tuf ts   a t tached  direct ly  t o  the 
wing surface,  indicated  that  for  the  subject wing, even at zero  angle 
of attack,  the flow over the upper surface of the def lected  t ra i l ing-  
edge flap  (6f = 45') was s ta l led ,  In an attempt t o  improve this s t a l l ed  
condition,  high-energy a i r  was blown over the  deflected  trail ing-edge 
flap,  approximately  tangent t o  the upper surface of  the  flap,  through 
a spanwise slot located  a t   the  wing-f lap gap as shown in   f igure  3. In 
addition,  as  suggested by reference 7, the upper surface of the  forward 
portion of t he   f l ap  was modified t o  provide a th icker ,   mre  bulbous 
shape, which permitted  the  eject+  air  t o  implnge more d i rec t ly  on the  
f h p  surface  (fig. 3 ) .  The resu l t s  of reference 7 indicate that siguifi- 
cant  increases In lift may be  obtained  by means of the  blcrwing tech- 
nique. In  order t o  increase  the  available CQ f o r  the  blowing tests 
reported  in this present  paper,  the free-stream velocity w a s  reduced; 
however, because of  the  scale   effects  shown in  reference 1 for  t h i s  wing, 
a Reynolds number of 4.4 x lo6, was the  lowest tes t   value employed. A t  
t h i s  Reynolds number a CQ of 0,007 and a ve loc i ty   ra t io  ( r a t i o  of the 
blowing air   exi t ing  veloci ty  t o  the  free-stream  velocity) of about 1.3 
were obtained, which, based on the  resul ts  of other  studies, s t i l l  
appear t o   be   f a r  too  small t o  produce any "near-optimum" resul ts .  

I 

! 

c The resul t  of this  preliminary blowing tes t ,   then,  w a s  a C h  
I 

. o f  1.19 (-fig. 5( a )  ) which was an increase of  0. ll over  that  obtained  with - the  plain  trail ing-edge  f lap  deflected (Sf = 60") at a Reynolds number 

o f  6.1 x 10 . Of t h i s  increment 0.08 i s   a t t r i bu ted  t o  the blowing and 
0 .O3 t o  the f lap.-contour  modification ( compare f igs .  4 and 5 ) .  A t  zero 
angle of attack,  the  modification  to  the  flap  contour and the blowing 
were quite  effective and resul ted  in  CL increases of about 0.10 

flap. No change in  lift-curve  slope  occurred  as a resu l t  o f  the  boundary- 
layer  control  by blowing. 

6 
1 

. and 0.05, respectively, above tha t  obtained  wlth  the  plain  trailing-edge 

The resul ts  of t he   t e s t s  of boundary-layer control  by  suction are 
given in  figure 7, but  are  inconclusive due t o  the  lim€ted CQ obtained. 
Reference 3, however,  shows tha t  f o r  a similar s l o t  arrangement on a 
S i m i l a r  wing plan form, a &b, of .O. 15 at a CQ of 0.028 w a s  
obtained on the  unflapped. wing; It should  be  noted, however, tha t   the  
a i r f o i l  of reference 3 had a  streamwise thickness of about 0.09~ which 
w o u l d  be  expected t o  give a somewhat higher LCbu than  the  0 .06~ 
section employed for   these  tes ts .  

The wing l i f t   cha rac t e r i s t i c s  obeained with  the  outboard 0.5% 
.t 

' leading-edge f lap  and the  outboard 0.e slat ( f ig .  6 ( a ) )  are   c losely 

comparable. The effects of the  two leading-edge  devices are  also simi- 
lar with  the  trailing-edge  flap  deflected. - - I 



The maximum increases  in C k  realized  for  the  various  fence 

configurations  investigated were of the  order o f  0.03 ( f ig s .  8, 9, 
and lo).' 

Pitching-Moment Characteristics 

The 0.50z s l a t  and leading-edge f lap  produced very similar pitching- b 

moment characterist ics  (f ig.   6(b) 1. Although the  unstable  break  in  the 
pitching-moment characterist ics occurs a t  a lower value of CL with 
either  device than with  the  basic wing ( f ig .  4(b) ), this break is much 
less  severe. 

The effects on the  longitudinal  characteristics of these two devices, 
which are s e t  a t   t h e  same'deflection,  are  nearly  identical  despfte  the 
rather  large  physical  differences between  them. It appears that the  
50 percent  greater chord length of t he   s l a t ,  i t s  airfoil-shape  contour, 
and the  wing-slat gap contribute l i t t l e ,  if any, t o  i t s  effectiveness 
in   p i t ch  when applied to   the  subject  wing of 49O leading-edge sweepback. 
As discussed in the subsequent section  entitled  "Aileron  Characteristics," 
however, the slat was more effective  than  the  leading-edge  flap  in - 
improving the  roll ing  characterist ics of the  flap-type  aileron  in  the 
high  angle-of-attack  range. 

c 

Deflection o f  the  plain  trailing-edge flap alone  (fig. 4) extends 
the lift coeff ic ient   a t  which the  sharp unstable  break  in  the  pitching 
moment occurs from about 0.6 t o  about 0.75. 

The deflection of the leading-edge f lap o r  slat in conJunct.ion with 
the  ti.ailing-edge  flap  (fig. 6 )  produces, in   the  moderate l i f t  range, 
an effect  similar  to  but  not  quite as stabil izing  as  that   obtained when 
these  devices  are eniployed on the  basic wlng. However, the wing remains 
completely  unstable above  a lift coefficient of  about 0.75. 

The effect  of  the  l imited degree of boundary-layer control  by 
suction on s t a b i l i t y   ( f i g .  7( b)  ) indicates  that  the  unstable  pitching- 
moment break is delayed  about 0.15 in CL when the  suction is employed 
i n  conjunction  with  the 0.50- leading-edge flap.  b 

2 

A fence  configuration composed o f  parts 3 and 4 ( f i g .  3 ) ,  and here- 
af ter   referred  to   as   the main fence  arrangenient, was t e s t ed   a t   t h ree  

spanwise locations, 0 . 4 3 ,  b O.50- ,  b and 0 .?e, on the wing with  the  out- 

board  leading-edge s la t   ins ta l led   ( f ig .  8). The addition of the  main 
fence  further reduces the  severity of the  unstable  break In the  pitching 

2 
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c moments and delays i t s  occurrence from a CL of 0.30 to about 0.65. 
However, there  seem t o  be little ef fec t  of varylng the spanwise loca- 
t i on  of  the  fence  for  the  limited range  of locations  tested. .. 

Also  t es ted  on the wing with  the  outboard  leading-edge slat 
instal led were several  different  lengths and chordwise locations of a 

fence a t   t h e  0.50h station, and these  results are presented in   f igure 9. 

A study of figure g(b) reveals  that  the  pitching  characteristics  obtained 
with  the main fence  are not sig@ficantly  altered  by  the  addition o f  
the  forward-located  sections,  parts 1 and 2. However, a  comparison of 
the  data  in  f igures 8 and 9 indicates that ins ta l l ing  a small end p la t e  
on the inboard end of t he   s l a t   (pa r t  1 of the  fence,.  fig. 3 appears t o  
improve s l igh t ly   t he  aerodynamic characterist ics,  i n  the  high-l i f t  range 
below s t a l l ,  of the wing with  the  s la t  extended. 

2 

TKO fence  configurations were tes ted at the O.Pb s ta t ion  on t he  

wing with the outboard slat and trail ing-edge  f lap  installed,  and the  
resul ts  of these  tes ts   are  shown i n  figure 10. In  general,  the  effects 
o f  the  fence  are  similar t o  those  previously  described f o r  the  configu- 
ration  with  the  slat  deflected  alone. 

2 

I 

I 
In evaluation of these  s ta l l -control   devices   in  terms of  over-all  

airplane  stability,  consideration  should be  given t o   t h e  .probable effect  
of these  devices on the  effectiveness o f  the  horizontal  tail in addi- 
t ion  t o  the wing-alone s t a b i l i t y  changes indicated  herein  (see, f o r  

! 

example, refs.  8 and 9 ) .  I 

Drag Characteristics 

For the  test   configuration of  blowing air over the  deflected 
trailing-edge f lap ,  a drag  reduction was realized even for   the  low CQ 
employed ( f ig .   5 (c ) ) .  The probable  cause o f  this  drag  reduction  is  the 
energy  imparted t o  the   s ta l led  f l o w  over  the 60° deflected.  flap  by  the I 

exiting blowing a i r .  It should be noted, however, tha t  as previously 
mentioned in   the  sect ion  ent i t led  "Tests  and Corrections,  the drag 
results  discussed  herein do not  include  the  effects o f  blower power drag. 

In the  case of  the  suction s l o t ,  however, the low available CQ 
was probably too small t o  prevent  flow  separation at the   l i p s  of t he  
suction s l o t  and a drag penalty  wa~  incurred  (fig.   7(c) 1. 

I 

. .  
! 

The highest  value of  L/D obtained i n  this   invest igat ion  ( f ig .  ll) , 
was approximately 17 and was reached  mtth the  basic wing a t  a CL of 
about 0.28. . In the  high lift range, the best L/D r a t i o  was obtained 

. 
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with  the  trailing-edge  flap def lected 45O i n  combbation  with  either  the 
leading-edge f lap   o r  slat. This  configuration produced a maximum L/D 
of about 7.5 a t  a CL of about- 0.68. 

Aileron  Characteristics 

The variation  with  angle  of  attack  of  the rolling-moment coefficient 
due to   def lect ing one aileron ( l e f t  wing panel) i s  shown in   f igure 12. 
For the  basic wing configuration, below about a. = Eo, the  data appear 
l inear   in  that proportional  increases  in rolling-moment coefficient  are 
realized  for  increases  in span and deflection. In the  hlgher a range, 
above about a. = Zo., there is  a marked decrease  in  effectiveness  of 
the  aileron. The estimated C z  values,  calculated by the method of 
reference 10, are somewhat optimistic  in  the high a range f o r  the 

0.1% - span aileron  and-over  the  entire a. range for   the  0.3$ - span b 
2  2 

aileron. 

Figure 13 i l lus t ra tes   ' the   e f fec t  of stall-control  devices,  located 
outboard on the  wing, on the   ro l l ing  moments provided by the  0.39- - Span 

aileron. As shown, both  the slat and leading-edge f lap  effect   large 
improvements in  the  roll ing  characterist ics  obtained  with  the  f lap-type 
aileron  in  the  high a range. Above an  angle  of  attack of  about 20°, 
extending the slat Fncreases the rolling moment due to   a i leron  def lec-  
t ion  by about 70 percent. Not only greater  values of  C l  but a more 
l inear  trend  in  the  variation of Cz with a .  i s  obtained  with  the  slat 
as compared to   t he  leading-edge  flap. This difference between the  
characteristics  obtained w i t h  the  leading-edge f lap and the  slat  would 
appear t o  bq paradoxical i n  l igh t  of  their   c losely comparable effects  

' on lift, drag, and pitching moment. Pres'umably the boundary layer 
toward the rear o f  the   t ip   sec t ions   i s   th inner   for   the  slat  than f o r  the 
flap,  and, although  the  difference may not  be  sufficient  to  effect 
appreciably  either  the lift or   the  pi tching moment, it may tend   to  
improve the  effectiveness  of  the  deflected  aileron. 

b 
2 - 

An investigation has been conducted t o  determine the  effect  of 
various  high-lift and stall-control  devices,  including boundary-layer 
control, on the  aerodynamic c&aracteristics o f  a @.lo sweptback wing 
having an aspect  ratio of 3.78, a taper  ratio  of 0.586,  and MACA 65~006 
sections streamwise. 

i 
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Both the leading-edge f lap  and s l a t  reduced the  severi ty  of  the 
unstable  break from t ha t  obtained with the  basic WFng. Despite  large 
geometric differences,  the leading-edge f lap  and slat produce closely 
comparable lift, drag, and pitching-moment characterist ics.  When 
employed for  improving the  rol l ing  character is t ics  of the  aileron -at 
the high angles of attack, however, the   s la t  appears to be   the   mre  
effective of the two stall-control  devices. 

A t  zero  angle of  attack,  the  plain  trailing-edge flap produced a n  
increment i n  lift coefficient of 0.36, a t  a flap  deflection of &lo, but 
was relat ively  ineffect ive in  increasing  the maxim lift of  the  subject 
wing. Because of  the  limited  quantity of air  employed i n  this  prelimi- 
nary t e s t ,  only small lift. gains were realized as a re su l t  of blowing 
air over  the  deflected  trailing-edge  flap. In order t o  judge  adequately 
the  fe .as ibi l i ty  of this   type of  boundary-layer  control as a means o f  
increasing  the maximum lift of the  subject wing, additional  tests  with 
higher  rates of air flow will be  requbed. 

Langley Aeronautical  Laboratory 
National  Advisory Committee for  Aeronautics 

Langley Field, Va. 
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Area (5/2) 152.4 aq  ft E 3= 
Aspeot ratio 3.7% 
Taper r a t i o  0.586 i!? - 

C 109.05 in. ul r 

Figure 1.- Plan form of semispan 49.1' iweptback wing. Al l .  dimeasions 
a r e  in inches. 
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Figure 2. - The semispan 49.1' swptback w i n g ,  with eemispan slat i n s t a l l e d ,  
mounted in the Langley full-scale tunnel. 
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~igure 3 . -  H i g h - l i f t  m a  stall-control devices tested on semispan 
. 49.1' sweptback wing. 
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I (a) Llft. ' E  

z Figure 4.- The ef fec ts  of trailing-edge-flap  deflection on t h e   a e r o d y ~ ~ ~ ~ i c  
characterist ics '  o f  a semiepan 49.1' sweptback w i n g .  
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(b) Pitching moment. 

Figme ,4. - Contiaued. 
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Figure 4.- Concluded. - 



. . . .. 

1. 

c 

1.2 

1.0 

.a 

.4 

.2 

0 

(a) Lift. 

Figure 5.- The effects of blowing ah- over  the modified trailing-edge 
f lap  on the aerodynamic  characteristics of acemispan 49.1' swept- 
back ring. Flap defhcted 60'; R = 4.4 X 10 . 
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(b) Pitching moment. 

Figme 5.- Continued. 
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(c ) Drag. 

Figure 5.- Concluded. 
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Figure 6.- !l%e effects of leading-edge devices on the aerodynamic 
characteristics of a semlspaa 49.1’ sweptbsck w i n g ;  t r a i w - e d g e  
a p  neutral and deflected 45O. 
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(b) Pitching moment. I 

Figure 6. - Continued. 
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( c )  Drag. 

Figure 6.- Concluded. 
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(a) L i f t .  

Figure 7.- The ef fec ts  of boundary-layer control by suction on the  
aerodynamic characterist ics of a semispan 49.1' sweptback wing alone 
and in combination with the outboard O.?Db/2 leaahIg-ed@;e f h p .  
6f 0'. 
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Figure 7.- Continued. 
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(a) L i f t .  

Figure 9. - The effects of several. chordwise fence configurations on the 
aerodynamic cha r sc t e rb t i c s  of a semispan 49.1' sweptback win with 
outboard 0.5Ob/2 leading-edge slat inetalled. Fence at O.m$2; 
af = oo. 
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(b) Pitching moment. 

Figure 9.- Continued. 
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(c)  Drag. 

Figure 9.- Concluded. 
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( a )  L i f t .  

F-e 10.- The ef fec ts  o f  a fence 011 the aerodynamic characterietics of 
a semiepan 49.1' aweptback wing w i t h  outboard 0.5Ob/2 leading-ed 
slat installed and traillng-edge  flap  deflected. Fence a t  O.5Ob f 2; 
6f = 450. 
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Figure 10.- Continued. 

" -  



36 

.56 

52 

.48 

.4 4 

.40 

-36 

.32 

cD 
.28 

24 

20 

.I 6 

.I 2 

.08 

.04 

0 ,  

" NACA RE4 L52D17a 

o Fence removed 

I l l  

"" 

.2 .4 .6 .8 1.0 1.2. 
0 .2 .4 .6 .8 1.0 1.2 

0 .2 . .4 6 .8 1.0 1.2 

(c )  Drag. 

Figure 10. - Concluded. 



. . .   . .  . 

VD 

(a)  Leading-edge devices 

-Basic wing . 
- -Tra i l incedge   f lap   def   ha ted  30° 
"Trailing-edge f l a p  de f l ec t ed  45O 
- -Tra i l ing-edge   f lap   def lec ted  60° 
-Blowing a i r  over  modified t r a i l i n g -  

edge f l a p   d e f l e c t e d  60° 

(b) Trailing-edge  flap. 

Figure 11.- Lift-drag  ratios  for  several   configurations  tested on a 
semispan 49.1' sweptback wing. W 
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Figure 12.- Rolling-moment  characteristics due to aileron deflection for 

a @lo sweptback wing.  Eiasic configuration. F 
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Figure 13.- Effect o f  O.TOb/2 leading-edge fZap ana slat on t he  
rolling-moment characterist ics due t o  0.3%/2 aileron deflection 
for a 49.1° sweptback whg. 
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